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For the Calcining Zone—ALUMANTINE. 


In this zone the lining must be resistant to 
high temperatures over long periods and to 
severe chemical action. “ Alumantine ”’ brand 
refractories (60-65% Alumina) have proved 
highly successful for lining this section. 


For the Intermediate Zone—HYSILYN. 


The refractories used in this zone should be 
tough, dense and able to withstand continu- 
ously temperatures averaging 1000-1200° C, 
* Hysilyn”’ brand refractories are recom- 
mended for this section, and may be depended 
upon to give excellent results. 


For the Feeding End—ADAMANTINE. 


** Adamantine’’ brand is recommended for 
this section. This material is hard, tough 
and unaffected by lime, is Or moisture, 
and resistant to any changes of temperature 
likely to be encountered. These bricks are 
renowned for the length of service given. 
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Vertical Kilns for High-Calcium Lime. 


THE operation of two vertical lime kilns, 65 ft. high and each having an output 
of 50 tons of high-calcium lime per day, is described in a United States con- 
temporary after their first year’s working. The plant is owned by the Marble 
Cliff Quarry Co., of Lewisburg, Ohio. The product is marketed for fluxing and 
metallurgical purposes, for water-softening, for paper manufacture, and a wide 
variety of chemical purposes. The deposit consists of a Io ft. vein of high- 
calcium limestone under 67 ft. of unsuitable material, and it was decided to 
adopt mining methods to get the desired stone. 


The mine is being worked by the room-and-pillar method from 16 ft. wide 
main and cross tunnels. The rooms are 20 ft. by 40 ft. and the pillars are the 
same size. Wherever possible the workings have been cut through to the quarry 
face and this has resulted in excellent natural ventilation. Drilling is usually 
carried on simultaneously in two places. The first two rows of holes are drilled 
about 34 ft. on either side of the centre line and are drilled in the form of a V, 
the apex being the centre line about 6 ft. ahead in the face. The second two rows 
of holes are drilled on either side of the V holes and are drilled almost perpendicular 
to the face. The third two rows of holes at each rib are about 7 ft. on either 
side of the centre line and slope toward the rib, thus making a 16 ft. wide by 
6 ft. advance cut. Four feet of stone on each side is shot from the rib with 
each advance shot, making the total width 24 ft. by ro ft. high with a 6 ft. advance. 
The 4 ft. on each side at the rib are carried about 8 ft. behind the face in order 
to drill both the face and the ribs with one setting. All the holes are loaded at 
the same time. 

The stone is dumped into a primary crusher which reduces it to 10 in. size 
and under. A bucket-elevator discharges the stone on a 5 ft. by 12 ft. two-deck 
screen which is equipped with 6 in. and 2} in. wire cloth. The 6 in. to 8 in. 
stone is discharged on to a pan-conveyor from which it is loaded into trucks as 
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fluxing stone. The minus 2} in. stone from this screen is taken by another 
elevator to a 5 ft. by 20 ft. revolving screen followed by a vibrating screen. 
The plus 14 in. stone goes through a gyratory crusher and is returned to the same 
elevator. The 2} in. to 6 in. rock is kiln feed and is taken by bucket-elevator 
to either of two 400-ton cylindrical steel bins, which are baffled for their full 
height to reduce breakage of the stone. Under each bin is a 4 ft. by 6 ft. vibrating 
feeder. The stone is loaded from either bin into a 6-ton truck which is hauled 
to the top of the kilns by a hoist equipped with two electric motors. A 50-h.p. 
motor hauls the truck up the incline while a 15-h.p. motor is used when the truck 
is on a level at either the top or bottom of the incline. 

The two vertical lime kilns (Fig. 1) are of the large-capacity Azbe type and 
each is producing about 50 tons daily. Each kiln is 65 ft. high from the bottom 
of the cooling chamber and 53 ft. from the poke holes. The cross-section varies 
in diameter and shape at various points. The cylindrical storage chamber is 
154 ft. in diameter and is lined with one 4} in. course of brick. In a distance 
of 34 ft. this section becomes 7 ft. by 10 ft. rin. Then in 24 ft. the chamber 
becomes 6 ft. by ro ft. 5 in. in cross-section and this continues to the bottom 
of the poke holes which are level with the top of the centre burner gas duct. 
The cross-section again becomes circular at this point and widens to a diameter 
of 7ft., and then 74 ft. for the cooling section above the lined-steel discharge 
cone. Centre and side burners are used. The side ducts are lined with 70 per 
cent. alumina brick. There are six poke holes on each side of a kiln and seven 
on each end. Originally CO, was taken out of the kilns through pipes with a 
separate fan and introduced into the kilns above the poke holes. This practice 
has been discontinued. Now CO, gas is used only in the gas producer which 
makes the gas used to fire both kilns. This gas is taken out of the main draught 
stack by the producer fan in the desired proportion to keep the coal bed in the 
producer at the proper level. About 25 tons of coal are used in the burning of 
100 tons of lime. The producer is equipped with temperature and draught gauges 
and instruments record the top and bottom pressures in the kilns. 

Each of the kilns is drawn every three hours, and this is done alternately so 
that a draw is being made every 1} hours. Each kiln is drawn through two 
sets of lever-operated clam-shell gates into a 6-ton side-dump truck on a track 
under the kilns ; each draw is usually from 6 to 7 tons. The lime is discharged 
on to the horizontal section of a 30 in. by 46 ft. pan-conveyor. The picking is 
done on the inclined section of this conveyor, and the spalls average less than 5 
per cent. of the total material. The lime is discharged from the conveyor through 
a chute to a 4 ft. by 6 ft. screen which is fully enclosed. Wire cloth with 2 in. 
openings is used. The oversize is lump lime, 2 in. to 6 in. in size, and this can 
be discharged through a split chute on to a 24 in. by 22 ft. shuttle belt-conveyor 
for loading into box trucks. 


Usually the lump lime is discharged into a 10 in. by 36 in. jaw crusher 
which reduces it to 14 in. and under. The product of this crusher is dis- 
charged with the minus 2 in. lime from the screen on to a 24 in. by 43 ft. 
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belt-conveyor to a 78ft. bucket-elevator which feeds a 4 ft. by 6 ft. 
screen. This is also fully enclosed and is equipped with ? in. and 
% in. wire cloth. The ? in. to 1} in. lump lime is usually discharged into one of 
three 125-ton cylindrical steel bins from which a 24 in. by 32 ft. shuttle belt- 
conveyor loads it into trucks. The in. to ? in. lump lime is usually discharged 
into the second bin and the same shuttle convevor is used for loading it into 
trucks. The minus 3 in. lime always goes into a third bin which is used for 
hydrator feed, and the other two sizes can also be diverted from the screen into 
this bin if the demand for hydrate is great. A poidometer controls the rate of 
feed from this bin to the hydrator and to make occasional checks on the actual 
total feed per hour. The poidometer feeds the lump lime into a prehydrator 
which consists of an old screw-conveyor with paddles in place of flights, and 
where water is added. The partially hydrated lime is then discharged into the 
4-ton continuous hydrator, wherein the hydrated lime continuously overflows 
the discharge cylinder. About once a week the cylinder is raised and the core, 
which has settled in the bottom, removed. The hydrated lime is discharged into 
a 12 in. screw-conveyor, and a 72 ft. bucket-elevator feeds it to a 14 ft. mechanical 
separator equipped with a single whizzer. The fine product (99-9 per cent. 
through a 400-mesh) is carried by a screw-conveyor to a go-ton bin over a 2-spout 
bag-packer. The rejects from the separator are discharged into a bin over an 
automatic pulveriser equipped with a 5} ft. dual whizzer-separator. The product 
of the mill goes to a 7 ft. cyclone separator and into a go-ton bin over another 
2-spout packer. This hydrate has a fineness of about 99-9 per cent. through 
200-mesh. The rejects from this mill circuit are carried by a screw-conveyor 
under the floor to an elevator and into a bin for subsequent hauling to waste. 


Determination of Sulphur as Sulphide in Portland Cement. 


In connection with the method of determining sulphur as sulphide in Portland 
cement, recommended by the American Society for Testing Materials and pub- 
lished in the last number of this journal, Mr. D. Irvine Watson, B.Sc., A.LC., 
writes as follows: “I notice that the method for the determination of sulphur 
as sulphide in Portland cement given on pp. 128, 129, and 130 of your August 
number, and described in the subtitle as new, is an almost unmodified form of the 
method published under my name in your February, 1932, number. It was then, 
and still is, I believe, the only published method for the determination of sulphide 
in cement.”’ 
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Conversion of Cement Plant from 
Wet to Dry Process. 


A pLANT of the Lehigh Portland Cement Co. has recently been converted from 
the wet process to the dry process. It has a capacity of 470 tons a day, with 
four 122 ft. by 7 ft. 6 in. rotary kilns. The reconstructed plant is described in 
Rock Products, to which journal we are indebted for the following notes. 

The waste-heat power plant is outstanding, but the kilns are being operated 
prisnarily as kilns and not for their ability to help generate power. Combustion 
conditions are kept as near to perfect theoretical operation as possible. The 
change over from wet to dry feed and the installation of modern firing equipment 
wit! instrumental controls over all the kiln operations has very materially 
improved the fuel economy. 

The problem of feeding the dry materials uniformly has been solved by 
circulating the feed material. At each side of the kiln building is a kiln-feed 
bin, out of which material feeds into short enclosed screw conveyors. These 
two conveyors are driven by variable-speed d.c. motors, and feed into enclosed 
bucket elevators. Each elevator transfers its load to an enclosed screw conveyor 
at 71 ft. centres, that spans the building over the four kilns to the feed bin on 
the opposite side. Material travels from one side toward the opposite feed bin. 
Similarly, material from the second bin is carried by a parallel screw conveyor 
in the reverse direction back toward the first bin. Directly underneath the two 
conveyors, four 10 in. variable-speed feed screws, 10 ft. long, discharge to the 
kiln-feed spouts, horizontally and at right angles to the two cross conveyors. 
Slide gates in the housing around the two main screw conveyors permit material 
to drop into each of the feed screws. This arrangement is designed to provide 
a constantly uniform rate of feed by keeping the screw conveyors fully and 
uniformly loaded. Each feed screw will fill up by gravity from the first cross 
screw conveyor or, if it does not, the remainder will drop into it from the second 
screw conveyor. The long conveyors always carry sufficient material for the 
requirements of the four kilns and any surplus drops into the feed bin on the far 
side of the building. With this system of kiln feed, the difficulties of arching 
and flooding common to overhead feed bins where a head of fine material is built 
up is eliminated. 

Each of the four kilns is driven by a 30-h.p. induction gear motor, with a 
generator on the kiln motor shaft which automatically regulates the kiln feeder 
motors so that there is always a constant number of feeder revolutions to each 
kiln revolution. The kilns can be turned at eleven different speeds and are 
normally driven at 60 to 70 r.p.h. Each kiln motor is air-cooled. 


Each kiln, which is fired by a unit coal pulveriser, discharges its clinker through 
a7 {t. by 59 ft. water-sprayed rotary cooler. The coal burned is a 13,000 B.T.U. 
West Virginia slack of 3 in. top size. It is handled into the coal-mill feed bins 
from a storage hopper in the main storage building by a belt conveyor with a 
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magnetic pulley to remove tramp iron, followed by a bucket elevator and an 
overhead drag conveyor. The kilns are fired under induced draught, the four 
exhausting into a common flue where the hot gases are split into two waste-heat 
boilers. Each boiler is served by a draught fan. Both the primary air for 
operation of the unit coal mills and the secondary air come from the same source, 
namely, the air heated in the rotary clinker coolers. 

Each kiln hood has an internal baffle arrangement so that hot air coming 
from the cooler surges up around the burner pipe and into the kiln. Clinker 


View Above Kilns Showing Feed Arrangement. 


drops into the cooler on the other side of the partition. Primary air for drying 
the coal while it is being ground is taken from the heated air stream coming up 
into the kiln hood. If for any reason no heated air is available from a cooler, 
primary air is available from the kiln hood combustion zone. Secondary air 
enters the kiln hood at 1,200 to 1,500 deg. F., and the air withdrawn from the 
stream into the grinding mills is tempered to 340 deg. F. When the coal ts 
injected into the kilns, the primary air-coal temperature is 200 deg. F. Clinker 
is cooled down to about room temperature as it drops out of the four coolers on 
to a common drag conveyor, and is elevated directly into storage. The same 
overhead crane that handles raw materials fills clinker and gypsum into a pair 
of feed hoppers serving the finish grinding mill. Each kiln hood has an emergency 
door through which the clinker can be by-passed into an auxiliary reversible 
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55 {t. drag conveyor to divert it into one of the other coolers ; if any cooler is 
stopped for repairs, this is a means of keeping the kiln operating. Each cooler 
is driven by a 20-h.p. electric gear motor and each unit coal mill is driven by a 
6o-h.p. induction motor. The coal-handling equipment is served by a bag-type 
dust arrestor, and clinker dust from the primary air stream, trapped in cyclones 
ahead of the unit mills, is dropped through a spout on to the clinker drag conveyor. 

Each kiln has a water-jacketed burner pipe. The kilns are lined, first with 
4 ft. 6 in. of 70 per cent. alumina brick, followed in order by 20 ft. of magnesite 
brick, 10 ft. to 15 ft. of high-alumina lining and then with a cheaper grade of 
brick for the remainder of their length. Kiln speed is the only variable that is 
adjusted to compensate for changes, all other factors of combustion being held 
constant. Kiln speeds are changed automatically. Each kiln is equipped 
with a vacuum-tube temperature recorder which also controls the speed of the 
kiln. The phototube pyrometer is focused through a peep-hole in the kiln hood 
on the clinker as it emerges from contact with the flame, and the temperatures 
are automatically and continuously recorded on the instrument panel-board. 
Recording of the kiln temperatures is a check on, and a guide for, the burner. 
Kiln speeds and flue-gas temperatures are also continuously recorded. Secondary 
air flow is controlled by an automatic draught controller, and dampers at the 
induced-draught fans are the means of holding constant draught conditions at 
the back ends of the kilns. Gas analyses are taken manually at regular intervals. 

Electric power considerably in excess of plant requirements is developed by 
the waste-heat plant, with all four kilns operating, and the surplus power is 
sold. The clinker-grinding mill capacity is in excess of the kiln capacity, which 
permits the staggering of operations to keep down the peak power load. With 
three-kiln operation the plant is self-sufficient in power, and the entire mill has 
been operated with only one of the two waste-heat boilers in service. Power 
is being developed with a consumption of 10 to 10°5 Ib. of steam at 400 lb. per 
square inch per kilowatt. 

Kiln gases are drawn by the induced-draught fans through the four kilns 
into a common flue, where they are split equally through two steam boilers, 
each with an economiser. The 3-drum waste-heat boilers each has 9,750 sq. ft. 
of heating surface, and are designed for 450 Ib. per square inch pressure. Each 
has an outlet to a 5-loop superheater. Economisers are designed for 500 lb. per 
square inch and have 5,300 sq. ft. of heating surface. 

Kiln gases enter the boilers at 1,400 deg. F. and exhaust from the economisers 
through an electric precipitator, 2-unit, stack dust collector at from 300 to 400 
deg. F. The precipitator handles 81,500 cubic feet per minute of gases, of which 
70,000 cubic feet per minute are from the four kilns at 400 deg. F. or less and 
11,500 cubic feet per minute from the clay dryer at 220 deg. F. 


Electric power is developed by a 3,000-kW. 8o per cent. power factor turbine- 
generator set driven at 3,600 r.p.m. by steam at 400 lb. per square inch. Electricity 
is generated at 2,300 volts, alternating current. Steam is consumed at the rate 
of 20,000 Ib. per hour at about 735 deg. F. Spent steam from the turbine enters 
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a surface condenser, followed by a de-aerator to remove CO, and QO, gases, and is 
pumped back into the boilers by a boiler feed pump. Make-up feed water is 
passed through an evaporator, where lime is removed, and is then condensed 
and passed through the de-aerator before being pumped into the boiler. 

Stack dust dropping into the precipitator dust hoppers is discharged, with 
the help of electric vibrators on the hoppers, into sealed-screw conveyors set in 
the floor. This dust and other dust similarly handled from the waste-heat boiler 
hoppers is elevated into either of two dust bins. One has an inclined screw 
under it which loads dust into trucks for disposal. From the other bin, dust 
can be withdrawn to blend into fresh raw material as it is conveyed to the kiin 
feeders. So far, none of the dust has been reclaimed for kiln feed. 


Determining the Cement Content of Soil-Cement 
Mixtures. 


In view of the increasing use of soil-cement roads, the Highways Research 
Board of the National Research Council of the United States recently sent a 
questionnaire to a number of State highway authorities asking whether deter- 
minations of the cement content in cement-hardened bases had been made, and 
if so, what method was followed, and with what results. Only nine States had 
attempted to make such determinations, and the methods adopted by five 
States indicated that two basic procedures were followed. 


One procedure required the determination of the CaO content in samples of 
raw soil, cement, and soil-cement mixtures, after which these values were used 
in the calculation of the percentage of cement in the soil-cement mixtures. The 
other procedure involved the chemical determination of the Ca value in the 
soil-cement mixture obtained from the road, and a similar determination on 
a control sample, which was prepared to contain approximately the same 
percentage of cement using the original soil and cement as components. 


The Board is continuing the investigation and co-operative tests on standard 
samples are being made. A complete set of standard samples, together with 
full details of two basic procedures have been sent to a number of co-operating 
laboratories. The standard samples consist of soil-cement samples, a raw 
soil sample, and a cement sample. A study of the co-operative tests indicates 
that the results obtained possess a degree of uniformity higher than might 
ordinarily be expected. In general, about two-thirds of the participants were 
within o-1 per cent. of the general average, considering both samples and both 
methods. It further appeared that results within 0-5 per cent. could ordinarily 
be expected, and that much closer results would generally be obtained when the 
analyst became fully experienced with the method. After consideration of the 
merits of each method, it is agreed that the first method is the better. 
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Rotary Lime Kiln Using Wood Fuel. 


An account of a rotary lime kiln which was changed over from oil fuel to wood 
fuel, in order to make use of a cheap supply of wood from a nearby saw mill, is 
given in a recent number of Rock Products, by Mr. V. J. Azbe, who was responsible 
for the conversion. The wood had a moisture content of about 50 per cent., 
and was gasified in a gas producer. The total cost was $10,000 ; of this the pro- 
ducer cost $5,000 and the cooler $3,000, including excavations, concreting, 
conveyor, etc. A capacity of 50 tons with wet wood was obtained, but more 
stone could not be fed without rear-end spilling. After this is corrected, the 
draught improved, and charging of wood speeded up to reduce interruption in 
heat supply, 75 tons is assured. 

That this is possible is entirely due to the cooler, for which the following 
claims are made. 


Fig. 1.—Lime Kiln Burning Wood Fuel. 


(1) The cooler gives lime cooled to the temperature of injected atmospheric 
air, so it can be handled on belt conveyors and loaded immediately into trucks. 

(2) It recovers all of the heat and returns this to the kiln, except for the very 
slight amount radiated from the upper cooler section, which, however, can be 
readily reduced by insulation. The cooler efficiency as a recuperator is in excess 
of 95 per cent. 


(3) Its lime-cooling capacity is very high—in this case lime cools in 
18-in. of height, although 6-ft. was provided. The cooler thus has sufficient 
capacity for 175 tons of lime. 


(4) The cooler will readily work with any granular material down to the 
smallest, except that with small sizes, such as sintered dolomite discharge, the 
cooling height will be less, due to faster cooling of the particles. 

(5) The cooler has a storage feature ; as its full cooling height is not needed, 
the level of the lime can be carried low and later, if desired, the conveyor can be 
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Fig. 2.—Showing Cooler under Firing End of Kiln. 


Fig. 3.—Method of Supporting the Cooler. 
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shut down with the kiln continuing to operate for as long as 15 minutes to over 
an hour. The actual length of the interruption depends on the capacity of the 
kiln. During this period the cooler continues to function in the normal way. 


(6) The cooler can be blown hard for low temperature air of 1,360 deg. F. or so, 
or mildly for higher temperatures. 


(7) The firing end of the kiln can remain under suction conditions and air 
allowed to leak inwards between the stationary hood and the rotating member, 
and there is no trouble from excessive heat at this point. 


(8) The cooler should not require any upkeep ; there is nothing to wear out. 


(9) The cost is very small; but it should increase the capacity of any kiln 
by at least 25 per cent., with no increase of fuel consumption. 


A Discussion on Fuel. 


At a recent conference on power production, Mr. E. G. Bailey, vice-president of 
the Babcock and Wilcox Company of New York, expressed the view that any 
required increase in power production must be accomplished by increasing the 
output of existing power plants rather than through the construction of additional 
units at a time when steel and other metals are needed more urgently for the con- 
struction of ships and other war purposes. Those who had to change their coal 
supply or to use a variety of coals should follow its analysis closely, and perhaps 
accomplish some surprisingly good results by properly mixing or blending the 
different types or kinds of coal. 

Coal, pyrites, and tramp iron subjected feeders and pulverisers to considerable 
wear. The first step toward maximum output and reliability of this equipment 
was to keep tramp iron, wood, and other foreign matter, as well as oversize coal, 
out of the feeder. Crushers should be kept in good condition, and preferably 
used on all coal over 3-in. screen. The pulveriser wearing parts must be periodi- 
cally and properly adjusted and replaced. Shortage of certain alloys might 
result in the need to use materials having shorter life, and therefore more replace- 
ments. 

Unduly wet coal gave a great deal of trouble, especially in getting it from the 
bunkers to the pulverisers. Trouble in the pulveriser could usually be obviated 
if amply hot primary air was available and properly used. Little need be said 
on this subject beyond the need for periodic check on wear of exhausters by coal, 
and perhaps on induced draught fans by ash and cinders. Some fans had been 
neglected to the point where they flew to pieces and caused a long and expensive 
stoppage. 


Any pipe carrying coal in raw or pulverised form was subject to some wear, 
especially at bends. Such points should be systematically watched and repaired. 
Fine pulverisation reduced the rate of wear. 
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Ash in coal had always been recognised as one of the major hindrances to 
obtaining the maximum output and efficiency. The characteristics of ash 
were often the predominant factor in selecting coal for a given purpose. It had 
been easier and cheaper to buy both stoker and pulverised-coal-fired units of the 
medium to small capacities adapted to the higher fusing ash coals. Not everyone 
fully realised how much progress had been made in perfecting designs of steam 
generating units to burn successfully the low-grade coals. Many operators would 
probably be well repaid during the next few years for their foresight in selecting 
equipment of the advanced designs. There were many older installations where 
difficult problems would be faced from ash and slag as coal of less adaptable char- 
acteristics must be burned. Pulverised-coal-fired furnaces performed better in 
every way when the coal was finely pulverised, and mixed uniformly with the cor- 
rect amount of air. Fine pulverisation could not be stressed too strongly, especially 
with respect to the 50-mesh size. It paid to check each pulveriser regularly with 
fineness tests. The proper distribution of coal and air at burners and in tlie 
furnace should be checked by weighed coal collections at the burner, and analysing 
gases of combustion in the furnace from near the burners on through the furnace 
and boiler. This required suitable water-cooled gas-sampling tubes and gas- 
analysing equipment for oxygen and CO in addition to the usual CO, determination. 

A great deal had recently been learned about the effect of excess air on 
slag conditions throughout a furnace and boiler unit. Excess air affected 
furnace temperatures as well as the fusing temperatures of the slag and ash. 
Higher excess air actually resulted in the ash and slag collected on the walls 
and tube banks being of a higher fusing temperature than if the excess air were 
lower. This meant that the actual slag and ash accumulation in many furnace 
walls and tube banks was higher by 100 to 400 deg. F. than the usual laboratory 
standard determination, which was done in a reducing atmosphere, while in 
zones of low excess air the slag-fusing temperature might be as low as the labora- 
tory results, or even lower. 

Even after taking all precautions there would still probably be slag cleaning 
problems to face. Many recent boiler units were so arranged that a reasaqnable 
number of retractable blowers kept the unit in a satisfactory degree of cleanliness 
with very little labour. More hand lancing might be needed throughout all parts 
of some boiler units if high temperature alloy needed for soot and slag blowers 
were greatly restricted. | Superheat control was greatly affected by excess air, 
and sometimes the proportion of surfaces or their relative cleanliness brouglit 
about an operating condition where efficiency was sacrificed for the benefit of 
super-heat, and vice versa. 

Most plants had meters and instruments, and many had automatic control. 
For the best results all of this equipment must be systematically checked, and 
adjusted if necessary. Often this equipment was of great value in keeping con- 
ditions correct for maximum output as well as best efficiency, and was also an 
assurance against serious accidents due to the failure of pumps, fans, or other 
major equipment. The present tendency was duplication of design for any units 
now being installed. 
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Selecting Lubricants. 


A VERY considerable percentage of lubricating oil is wasted by careless handling, 
excess and faulty application, and improper mechanical conditions. Only a com- 
paratively small amount of suitable oil is required to lubricate a rubbing surface. 
Losses incurred by friction and breakdowns due to faulty lubrication are not so 
much a result of lack of attention to lubrication as to faulty selection of a lubricant 
for the particular machine. Because a certain type of lubricant is satisfactory for 
one purpose it does not follow that it is suitable for all machinery. Different 
kinds of machinery demand different lubricants. Some machines must have 
oi! only, others require grease, and others give best results with graphite. There 
is no known lubricant which will best suit every type of machine. Haphazard 
methods of selecting oils and greases are, however, disappearing. 


It is sometimes assumed that none but mineral oils are needed in the com- 
pounding of oils used in the presence of steam. This is not the case, as both 
vegetable and animal oils such as castor, rape, tallow, lard, neatsfoot, whale, 
wood, and fish oils are all used in compounding various kinds of lubricating 
oils. There are also. solid lubricants such as graphite, talc, and mica, while 
leads are used in oils and greases. In general, lubricating oils may be divided 
into seven classes, namely, unfiltered cylinder oils, filtered cylinder oils, red oils, 
pale oils, neutral oils, white oils, and black oils. Ideal lubrication is not possible, 
or at least not practicable, to obtain, because it would require an almost endless 
number of different oils to lubricate even an ordinary machine on account of the 
widely varying velocities, loads, and conditions under which the machine works. 
Any one kind of lubricant has a restricted range for efficient lubrication, and the 
lubricant which does not keep friction and wear at a minimum under all condi- 
tions does not fully meet the requirements of a lubricant. There may be chemical 
or physical imperfections in the metals of the bearings or journals, or mechanical 
defects in the fitting of these parts, that are not discernible by the naked eye. 
Yet tests indicate that excess friction and correspondingly high temperatures are 
often caused by variations in the smoothness of the bearing or journal surfaces 
that cannot be easily detected with the naked eye. 


Colour is not a reliable guide to the merits of an oil. Colour is only reliable 
in indicating how an oil is standing up to use, because oil which has become 
contaminated by moisture very often has a cloudy appearance. Similarly, the 
specific gravity of an oil is not a guide to its lubricating qualities; it is useful in 
calculating weight per volume, and may give an indication of the crude material 
trom which the oil has been made. Viscosity may be studied to some purpose. 
Flash point has no direct influence on lubricating quality, but is of value in con- 
sidering the safe handling and storing of oil. Viscosity is not a reliable test in 
judging the lubricating property of an oil; this test is of value in selecting an 
oil of correct body for a particular purpose, such as the sealing of internal-com- 
bustion engines or the maintenance of an unbroken film in a bearing. With very 
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few exceptions, free acid in an oil is objectionable, especially where very fine 
surfaces have to be lubricated, because free acid soon causes corrosion, A tendency 
to gum is also a serious objection, especially in greases, as such grease will oxidise. 


Unsuitable oils generally darken in colour, increase in specific gravity and 
viscosity, and become acid due to oxidation. The temperature will always be 
high, thereby increasing the rate of oxidation and shortening the life of the oil. 
Should the oil be too light in body it will break down under the influence of 
high temperature, losing its sealing power, causing excessive wear in engine 
cylinders, and tending to form excessive carbon deposits. Should the oil be 
too heavy in body it will not easily spread over the surfaces of the cylinder and 
piston, again causing excessive wear and tending to form excessive carbon deposits. 


It will be found that lubricants with the highest service efficiency will, regard- 
less of their higher price, be the cheapest. In a test in a private power plant 
two grades of oil were used for the lubrication of shafting, machines, etc. With 
all machinery running light it was found that the power required with the high- 
grade oil was 203 h.p., while with the cheaper oil 210 h.p. was necessary. A 
run of one week with the higher-priced oil showed that 95 gall. were consumed, 
while with the cheaper oil 112 gall. were needed; the higher-priced but more 
efficient oil saved £105 a year, apart from the saving due to the lower depreciation 
of machinery. 


A really efficient lubricant must: (1) be of sufficient body to keep the bearing 
surfaces apart at working temperatures; (2) reduce friction to the minimum; 
(3) remain fluid at the lowest temperatures met with under ordinary conditions ; 
(4) meet requirements as to durability, resistance to the elements, etc. ; (5) contain 
no impurities which would corrode or pit the bearing surfaces; (6) have no 
tendency to decompose or form deposits which may gum up the bearings ; (7) be 
of sufficient capillarity to feed evenly with little change in this respect when 
encountering changes in temperatures. These essentials apply to practically every 
class of machinery requiring lubrication. There can be no compromise on quality, 
or neglect of details, if efficient service is to be secured. There has never been 
an instance where skimping of quality did not prove to be an expensive policy. 


When oils are purchased, means must be taken to store them safely. In one 
works the following system has been found to work very well: The oils are 
delivered in barrels, numbered according to the grade they contain, and stored 
away from the effects of sun and rain. They are taken to the oil store as required, 
where they are fitted with large-bore taps, and placed on racks ; these taps have 
a clean ‘‘ cut-off,’’ so that a minimum dripping of oil takes place when they are 
shut off, and a special key has to be used. The oil store is open for the issue of 
oil for a definite period every morning,when the oils required are measured into 
labelled cans fitted with screw stoppers. These issues are debited to the respective 
machines or departments, and the total checked by taking stocks at the end ot 
each month. The used oils recovered are collected every morning, measured, 
and returned to the store, where they are dealt with according to their condition. 
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CEMENT MAKING 


MACHINERY 


PATENT SLURRY DESICCATORS. ROTARY KILNS 
WITH PATENT RECUPERATORS.  AIR-SWEPT 
COAL PLANTS. COMPOUND BALL AND TUBE 
GRINDING MILLS. COMPLETE CRUSHING PLANTS. 
ROTARY DRYERS. MIXERS AND AGITATORS, ETC. 


The illustration shows three 6' 6” dia. X 36’ 0” long 
Compound Tube Mills, part of a complete Cement 
Works in Hong Kong manufactured and erected by : 


VICKERS-ARMSTRONGS 


LIMITED 


BARROW-IN-FURNESS 


Head Office: VICKERS HOUSE, BROADWAY, LONDON, 8.W.1. 
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Oils from certain plants have a fair amount of water mixed with them ; these are 
put into a steam-heated settling tank, where the water is separated from the oil, 
the former being drawn off by a tap. 


The Compound Mill for Wet Grinding. 


THE table on page 121 of the August number of this journal should have been 
printed as follows : 


Weight (lb. per cu. ft.) 





3 Material — 


Solid | Balls, Particles, etc. 





Forged steel a as 490 265 to 275 

Cast iron os a 450 245 to 255 

Limestone on oe 160 to 170 88 to 94 

Cement grit ns ‘4 88 to 92 88 to 92 

Water... =o oi 62°5 — 

Slurry .. 4 By 88 to 94 — 
(90% moisture) 








